We apply the mimetic f (T ) theory into the thick brane model. We take the Lagrange multiplier formulation of the action and get the corresponding field equations of motion. Considering the mimetic field as a single-kink or a double-kink, we find solutions for different kinds of f (T ). Besides, we investigate the stability of the mimetic f (T ) brane by considering the tensor perturbations of the vielbein. Localization problem is also studied and it is shown that the four-dimensional gravity can be recovered for all the solutions. The effects of the torsion show that for the polynomial form of f (T ), the zero mode has a split compared with that of f (T ) = T , but the situations for the exponential form of f (T ) are similar to that of f (T ) = T .
wall model [43, 44] . Later, various of thick brane models have been studied [45] [46] [47] [48] [49] [50] [51] [52] [53] . More details on the thick brane and the localization of bulk fields on the brane were presented in the recent reviews [54, 55] and references therein. The thick braneworld model was firstly constructed in f (T ) theory in Ref. [56] . The authors gave the brane world solution for f (T ) = T + αT 2 and investigated the localization of bulk fermions. Besides, the split of brane caused by the torsion effect was also studied. After that, more thick brane solutions were given in Ref. [57] by the first-order formalism, and the domain wall brane in a reduced Born-Infeld-f (T ) theory was studied in Ref. [58] . The stability of this system under the tensor perturbations was studied in Ref. [59] .
The thick brane world scenario in mimetic theory has been studied in Ref. [60] recently. The thick brane solutions in mimetic theory was found and the tensor and scalar perturbations were analysed. Before that, the late time cosmic expansion and inflation on a thin brane in mimetic gravity were investigated in Ref. [61] . Inspired by these works, we will investigate the brane world model in mimetic f (T ) theory in this paper. Usually, the thick brane is generated by a background scalar field. In mimetic theories, we can only consider the mimetic scalar field. The stability of the brane system will be investigated by analysing the tensor perturbations of the vielbein. Besides, the effects of the torsion will also be studied by comparing different kinds of f (T ).
This paper is organized as follows. In Sec. II, we will review the mimetic method and f (T ) gravity briefly. The Lagrange multiplier formulation of mimetic f (T ) theory will also be given. In Sec. III, we will solve the field equations and obtain solutions of the brane system for different kinds of f (T ). The stability of this system will be analysed by studying the tensor perturbations of the vielbein in Sec. IV. Then, in Sec. V we will study the localization of the zero mode of graviton on the brane, and the effects of the torsion will be given. In the end, conclusions will be given in Sec. VI.
II. SET UP
In this section, we will give a brief introduction to the mimetic f (T ) theory. In mimetic theories, the physical metric g MN is written in terms of an auxiliary metricg MN and a scalar field φ [3] . So, the conformal degree of freedom can be isolated in a covariant way. We will use the capital Latin letters M, N, P, Q, ... label the five-dimensional coordinates, and A, B, C, D, ... label the tangent space coordinates. The explicit relation between the physical metric g MN and the auxiliary metricg MN is
As a consequence, the scalar field satisfies the following constraint
It is obvious that the physical metric is invariant under the conformal transformation of the auxiliary metric as
where Ω(x P ) is a function of the spacetime coordinate. The action of five-dimensional mimetic gravity is of the form
where M * is the five-dimensional mass scale and L m is the Lagrangian of the matter fields.
The gravitational field equations can be obtained by varying the action with respect to the physical metric g MN . However, we must pay attention to this process. Because the physical metric g MN can be rewritten in terms of the auxiliary metricg MN and scalar field φ as Eq. (1), so the variation of the physical metric is not independent. On the other hand, the action can also be written in the Lagrange multiplier formulation equivalently
The constraint (2) can be gotten by varying this action with respect to the Lagrange multiplier λ. Recently, the authors of Ref. [35] applied the mimetic method into f (T ) gravity, which is a modification of TEGR. In f (T ) gravity, the background spacetime is not a Riemann manifold anymore but the so-called Weitzenböck manifold. The dynamical field is the vielbein e A (x M ) defined in the tangent space at any point x M of the manifold, rather than the metric g MN . The relation between the metric and the vielbein is
where η AB is the Minkowski metric of the tangent space with the form of η AB = diag (−1, 1, 1, 1, 1) , and e A M is the component of the vielbein e A in the spacetime coordinate x M . From this relation, we can get
The curvatureless Weitzenböck connectionΓ P MN is defined as
which can be used to construct the asymmetric torsion tensor T
The Ricci scalarR constructed by the Weitzenböck connection is zero, so this manifold is curvatureless. The contorsion tensor K P MN is defined as the difference between the Weitzenböck connectionΓ P MN and the Levi-Civita connection Γ
It is useful to define the superpotential S
with which we can construct the torsion scalar T
After some cumbersome but simple algebra, we can get that T = −R − 2∇ M T P MP , whereR and∇ are the Ricci scalar and covariant derivative constructed from the Levi-Civita connection, respectively. As the difference between R and T is only a boundary term, the teleparallel gravity is equivalent to GR.
In order to apply the mimetic method into f (T ) gravity, the equivalent form of Eq. (1) must be given. The authors of Ref. [35] kept the vielbein unchanged but changed the Minkowski metric η AB as follows:
The auxiliary metricg MN is defined asg
So Eq. (1) can be derived directly [65] . The explicit relation between the variation of the metric g MN and that of the vielbein was derived in Ref. [35] . Of course, there is also an equivalent Lagrange multiplier formulation of the mimetic f (T ) gravity. In this paper, we take the action as the form of
where
, and λ is the Lagrange multiplier. The original −1 in Eq. (2) of mimetic gravity was generalized to U (φ) < 0 in Ref. [62] . It was also adopted into the brane world model in Ref. [60] with the condition U (φ) > 0 since the mimetic scalar field φ generating the brane only depends on the extra dimension y, i.e.,
. Then the equations of motion can be gotten by varying action (14) with respect to e A M , φ, and λ:G
whereG
, and f T and f T T are defined as the first and second derivatives of f (T ) with respect to T , respectively. The five-dimensional d'Alembert operator (5) is defined as (17) is the equivalent form of Eq. (2).
In thick brane world model, the static flat brane metric which keeps the four-dimensional Poincáre invariance is given by
where Greek letters µ, ν, ... denote the coordinates on the brane. Here e 2A(y) is the so-called warp factor. Straightforwardly, we can choose the vielbein as the form of e A M = diag(e A , e A , e A , e A , 1), which has been proved to be a good choice [63, 64] . With this metric ansatz, we can express the explicit equations of motion:
Here, we denote the primes as the derivatives with respect to the extra dimension y. Note that there are three independent equations only. The Lagrange multiplier λ can be solved by substituting Eq. (22) into Eq. (20) . Next, we will choose different kinds of f (T ) to analyse the effect of torsion on the brane world.
III. SOLUTIONS
We need to solve five functions: A(y), φ(y), λ(y), U (φ), and V (φ), but there are only three independent equations. So we start by giving the warp factor A(y) and the mimetic scalar field φ(y). We will consider two kinds of warp factors in this section and give solutions of the mimetic f (T ) brane world model.
A. Case 1
In this case, we consider the warp factor and the scalar field as the forms of
where the parameter k has mass dimension one, v is a positive parameter, and n is taken to be an odd number in this paper. When y → ±∞, A(y) → −nk|y|, so the spacetime is asymptotically AdS 5 . The shapes of the warp factor and the scalar field are shown in Figs. 1(a) and 1(b), respectively. From Fig. 1(b) we can see that the scalar field is a single-kink for n = 1, and is a double-kink for n ≥ 3.
Then
where Φ = φ/v. For f (T ) = T , f (T ) theory degenerates to TEGR. The solution of this model was given in Ref. [60] :
The second kind of f (T ) is taken as f (T ) = T + αT b , where the mass dimension of the parameter α is 2 − 2b to ensure that αT b is mass dimension 2. The solution is
At last, we take f (T ) to be the exponential function: f (T ) = T 0 e T T 0 . The solution for this kind of model is
B. Case 2
In this subsection, we consider another kind of warp factor as
This kind of warp factor has a platform near the origin of the extra dimension, which can be seen from Fig. 2 . We can adjust the width of the platform by changing the parameter c. The scalar field φ is the same as case 1. In this case, the solutions for f (T ) = T + αT b and f (T ) = T 0 e T T 0 are complicated, so we will just show the solution for f (T ) = T :
Next, we will analyse the stability of this system by investigating tensor perturbations of the vielbein. Besides, effects of different kinds of f (T ) will also be investigated.
IV. TENSOR PERTURBATIONS
In this section, we will consider the tensor perturbations of this mimetic f (T ) brane world model. The perturbed vielbein is [59] 
where the Latin letters a, b, ... denote the tangent space coordinates on the brane. Note that, Eq. (33) in Ref. [35] give the explicit formulation of the variation of the physical metric g MN . For tensor perturbations considered here, we do not need to consider the perturbation of the scalar field φ since they are decoupled. So we can get the perturbed physical metric g MN :
We impose the transverse and traceless condition that ∂ µ γ µν = 0 = η µν γ µν , whose equivalent vielbein form is
Substituting Eq. (35) into Eq. (15), after some cumbersome but simple caculations, we can get the perturbed field equation:
where (4) = η µν ∂ µ ∂ ν is the four-dimensional d'Alembert operator. Making the coordinate transformation
Eq. (40) becomes to
Then we introduce the KK decomposition:
Substituting this equation into Eq. (42) we can get a four-dimensional Klein-Gordon-like equation for the four dimensional graviton ǫ µν :
and a Schrödinger-like equation for the extra-dimensional profile ψ(z):
where W (z) = H 2 + ∂ z H is the effective potential. This Schrödinger-like equation can be factorized into a supersymmetric quantum mechanics form:
which guarantees that all the eigenvalues m 2 are non-negative, that is to say, there is no tachyonic graviton. So this model is stable under tensor perturbations with the transverse-traceless condition. Of course, there is a zero mode m = 0 for this system, and the solution is
where N 0 is the normalization coefficient.
V. LOCALIZATION
In order to recover the four-dimensional gravity, the zero mode of graviton should be localized near the origin of the extra dimension. This requires that dz ψ 2 0 (z) < ∞. We will investigate this issue in this section. As for the analytical formulations of the effective potential and the zero mode for some solutions are complicated, we just give that of f (T ) = T , and for the other cases we only show their plots. For A(y) = −n ln(cosh(ky)) and f (T ) = T , we have
The normalization coefficient N 0 can be fixed by
with Γ(n) the Gamma function. As shown in Fig. 3 (the black lines) , we can see that the effective potential is volcano-like and the corresponding zero mode has only one peak and it tends to zero at infinity. Besides, the four-dimensional gravity can be recovered. This is expected because when f (T ) = T , f (T ) gravity is equivalent to GR and this result has been obtained in [60] .
The effective potential and the zero mode for other kinds of f (T ) are also shown in Fig. 3 . From this figure we can see that for f (T ) = T + αT b (the blue lines in Fig. 3 ) there is a double well in the effective potential and a split in the zero mode, though the warp factor does not split. As for f (T ) = T 0 e T T 0 (the red lines in Fig. 3 ), the shapes of the effective potential and the zero mode are similar to that of f (T ) = T , but the well of effective potential is deeper, and the corresponding zero mode is sharper. For the solutions in case 2, A(y) = ln[tanh(k(y + c)) − tanh(k(y − c))], if we take f (T ) = T , we will get the following effective potential and zero mode:
The effective potential and the zero mode of other kinds of f (T ) are shown as in Fig. 4 , where we have shown the black and blue lines in Fig. 4 (a) again in Fig. 4(b) . From Fig. 4(c) we can see that for f (T ) = T (the black line) and f (T ) = T 0 e T T 0 (the red line) there is a platform in the zero mode which is corresponding to the warp factor (see Fig. 2 ). Comparing the polynomial kind of f (T ) with f (T ) = T , we can see that there is also a split in the zero mode based on the platform. So we can conclude that if f (T ) takes the polynomial form the zero mode of graviton may have a split. Besides, we have calculated that +∞ −∞ ψ 2 0 (z)dz is converged, so they can be localized near the brane for all the three models. We take f (T ) = T as an example to analyse the effects of the parameter n in the warp factor A(y) = −n ln(cosh(ky)) on the effective potential and the zero mode. We can conclude from Fig. 5 that the depth of the effective potential increases with the parameter n. As a result, the corresponding zero mode becomes sharper. As for the parameter b characterizing the polynomial kind of f (T ), the effects can be seen form Fig. 6 . Note that, the two curves with black lines in Figs. 3(a) and 3(b) are the same as those with blue lines in Figs. 6(a) and 6(b), respectively. It can be seen that there are two barriers in the effect potential when b > 2 and the zero modes are all split for b > 1. Besides, the heights of the barrier of the effect potential and the normalized zero mode increase and decrease with the parameter b, respectively. 
VI. CONCLUSION
In this paper, we applied the mimetic f (T ) theory into the brane world model. The brane is supported by the isolated conform degree of freedom, i.e., the mimetic scalar field. We used the Lagrange multiplier formulation and derived the equations of motion. By taking the flat static brane metric which reserves the four-dimensional Poincare invariance, we obtained the explicit equations of motion. We set the mimetic field as a single-kink or a double-kink which depends on the parameter n. The warp factor has two forms: A(y) = −n ln(cosh(ky)) and A(y) = ln[tanh(k(y + c)) − tanh(k(y − c))]. For both cases, we found solutions for three kinds of f (T ).
By investigating the tensor perturbations of the vielbein, we analysed the stability of this system. It was found that the perturbed field equation can be transformed to a Klein-Gordon-like equation and a Schrödinger-like equation after the KK decomposition. The Schrödinger-like equation can further be factorized into a supersymmetric quantum mechanics form, which guarantees that there are no tachyonic gravitons. Therefore, the brane in mimetic f (T ) theory is stable under the tensor perturbations. We also studied the localization of gravity and found that for all the solutions the four-dimensional gravity can be recovered. Besides, we found an interesting result, i.e., for the case of the polynomial f (T ), the zero modes for both kinds of warp factors are split. However, for the case of the exponential f (T ), the zero mode is not split, as the case of f (T ) = T . Besides, the effects of the parameters n and b were analysed.
As pointed out in Ref. [60] , scalar perturbations do not propagate on the brane in mimetic gravity, which is different from the case of brane world based on GR. Therefore, it is worth to investigate scalar perturbations of the brane system in mimetic f (T ) gravity. This will be considered in the future. Moreover, thick branes with inner structure generated by more than one mimetic scalar fields are also interesting. = −gMNη CD ∂C φ∂Dφ = −gMNη CD eC P eD Q ∂P φ∂Qφ = −gMNg P Q ∂P φ∂Qφ, where we have used that eC P is the projection from the spacetime coordinate to the tangent space coordinate.
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